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THE PRODUCTION O F  DIRECT PHOTOGRAPHIC 
POSITIVES 
BY G .  A. PERLEY, T. J. TWOMEY AND H. A. ROBINSON 
In  a previous article' the influence of all the variables 
involved in the production of direct photographic positives 
by means of thiocarbamide and a hydroquinone developer 
has been discussed. 
The variables considered in the preliminary study were : 
time of exposure, temperature of development, size of plate, 
amount of thiocarbamide, amount of hydroquinone, amount 
of sodium sulphite, and amount of water. The emulsion 
upon the plate and the source of illumination were considered 
as maintained a t  a constant value. 
It was found with the above existing conditions that, 
after exposing a photographic plate for a certain definite time, 
a developer of the following concentration gave the best 
positives a t  I 8 O C : 0.0030 gram thiocarbamide, 0.0387 gram 
hydroquinone, 0.075 gram sodium carbonate, 0.2907 gram 
sodium sulphite, and 7.8461 grams of water per square inch 
of plate surface. 
The bluish brown color of the positive deposit, the ap- 
pearance of a yellowish fog by reflected light, and the necessity 
of a preliminary appearance of a thin negative were the 
chief sources of dissatisfaction with the above conditions. 
It seemed that with a more intimate knowledge of the real 
reactions involved it should be possible to produce direct 
photographic positives unexcelled even by the common 
method of production. The data of the previous paper 
indicated that no single constituent of the above developer 
could be satisfactorily omitted. 
In order to obtain direct photographic positives of ex- 
cellent merit and a method of easy manipulation the problem 
resolved itself down to four chief lines of attack: 
Perley and Leighton: Jour. Phys. Chem., 17, 235 (1913). 
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First, an investigation as to what substances cause the 
decomposition and resultant color of the positive deposit ; 
second, the substitution of another thiocarbamide compound, 
or some similar agent, which will not stain the emulsion; 
third, the elimination of the thin negative, either by a solvent 
after its production, or by the substitution of some other 
material for the hydroquinone, carbonate and sulphite, thus 
preventing its formation; fourth, the production of an emul- 
sion which is not stained by thiocarbamide. 
’ 1 The developers used in this work were made up with great 
accuracy. All solutions were measured from burettes into a 
crystallizing dish, which served as a developing tray. A 
developer was used for only one experiment. The following 
standard solutions were employed : 
Hydroquinone 21 grams per liter. 
Ortol 30 grams per liter. 
Pyrogallol 1 2  grams per liter. 
Metol 35 grams per liter. 
Amidol 2 . 4  grams per liter. 
Eikonogen 40 grams per liter. 
Sodium carbonate (anhyd.) 16 grams per liter. 
Sodium sulphite (anhyd.) 126 grams per liter. 
All thiocarbamides 2 grams per liter. 
In  several of the experiments double strength carbonate and 
sulphite solutions were used in order to maintain a constant 
water content. All of the thiocarbamides were prepared and 
purified by us in the usual manner. 
Intimate and careful observations led to the belief that the 
thiocarbamide must act in some manner as a better solvent 
€or the unexposed silver halide complex than for the exposed 
portion, and that in the presence of some one, or all, of the 
constituents of the developer, silver was produced upon the 
unexposed portions. Just so long as there are hydroquinone, 
carbonate, and sulphite present in the developer, with a 
sufficient exposure, a negative must result. The strength 
of the negative naturally depends upon the degree of exposure. 
The method from the standpoint of exposure must necessarily 
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have an upper and lower limit of usefulness. The lower must 
occur when too small an exposure is given to yield a thin 
negative with the hydroquinone present, in other words, where 
such an excess of unexposed silver halide is present that the 
solvent action appears to be uniform over the whole plate. 
The upper limit must exist at that point where an excessive 
exposure produces so much exposed silver halide that there 
is a dense negative masking the silver deposit of the positive 
portion. Our previously published data verify this. 
Since a hydroquinone developer tends to yield a harsh 
negative, it seemed possible to substitute other “reducers ” 
such as metol, pyrogallol, ortol, amidol, eikonogen, etc., and 
possibly produce an extremely thin negative which would be 
especially weak in the high lights. It also seemed probable 
that the “reducer” might have a more or less greater in- 
fluence upon the rapidity of reduction of the silver which 
formed the positive image. If such a condition existed it 
would be obtained only by a systematic control. 
The data of the first paper ’were obtained under a so- 
called constant source of illumination. A mercury vapor 
lamp had been utilized in much of the present work until an 
error was discovered. The voltage fluctuated a great deal, 
with the result that the various exposures were far from con- 
stant. It seemed wise to establish a new standard of illumina- 
tion. A wooden box with a sliding front was constructed, 
of the following dimensions: 2 2 . 5  inches long; 9 inches wide; 
and 13.5 inches high. The interior of the box was painted 
black to prevent any possible reflection of light. A 15 C. P. 
6 volt tungsten lamp was fastened on the interior of the box. 
The lamp was connected to the storage cells through a re- 
sistance and all exposures were made at a constant voltage of 
2 . 5 .  A lantern slide plate of average density was used as a 
standard view, and this was located 18.5 inches from the bulb 
of the tungsten lamp. All exposures were made by the aid 
of a switch connecting the light to the storage batteries, and 
a stop watch was used to ensure accurate timing. 
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Almost an infinite number of experiments were made be- 
fore the adoption of what seemed the very best possible 
positive. A tabulation of the vast amount of data would 
serve no real purpose and accordingly only the final results 
will be given. It might be interesting to note that the results 
were obtained only after several thousand individual experi- 
ments upon strips of lantern slide plates of a surface area of 
4.3 square inches. All of the data were also obtained with a 
constant exposure of 8 seconds. The present arrangement 
of the tables was only made possible after it was learned that 
thiocarbamide and carbonate were alone essential to the 
formation of the positive image. The discussion of this 
particular phase comes more logically after a consideration 
of the influence of the various ‘ ‘ reducing ” agents. 
The Imperial Special lantern slide plates were always 
.employed in the work, and the temperature was maintained 
:at 2 0 G 1 ~  C.
The data given in Table I represent those as obtained by 
us for the production of the best positive by means of thio- 
carbamide and various “reducers.” The results are ex- 
pressed in units per square inch of plate surface. The figures 
do not represent the minimum quantities of the constituents 
of the developer essential for the production of a positive. 
The tables show the relative concentration of the constituents 
which gave the very best results. It was found that if it was 
desired to produce a full size lantern slide (3.25 X 4) it was 
only necessary to increase each of the constituents ten times 
that given in the table. Such a developer will yield only one 
first-class positive. 
It seemed advisable to maintain the amounts of water 
in each experiment a t  a constant value. The effect of sulphite 
is such that it may be varied between fairly wide limits, and 
for the sake of comparison, this constituent of the developer 
‘was maintained at a constant amount. 
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Exposure in seconds 8 
Voltage across tungsten lamp 2 . 5  
Time of development z-z1/2 minutes 
Temperature 2 0 - 2 I 0  c 
Sodium sulphite 0.234 gram per square inch of 
surface 
Water 9 . 3  grams per square inch of 
surface 
Concentrations of constituents expressed in grams per 
square inch of plate surface. 
~ ~-~ ~~ 
Sodium 
bonate 
Reducer car- 
~ 1 amide ! 
I--- ~- 
Hydroquinone 0.034 
Ortol 0.041 
Metol 
Pyrogallol 0 . 0 2 2  
Amidol 1::::: 
0.ooog 
0.0030 
0.0032 
,0013 
Eikonogen 0.074 0.0027 
0.0011 
0.037 
0.067 
0.089 
0.205 
0.030 
0. IO0 
Color of positive 
Sepia 
Blue-black 
Deeper blue-black 
Dark brown 
Black with pink stain 
Blue-black 
These data gave us a much better insight into the pro- 
duction of positives. It would be impossible to tabulate all 
of the important features, so a brief rCsumC of the results can 
best be considered. 
As far as ease of manipulation is concerned, hydro- 
quinone, ortol, or metol gave results of medium control. 
Amidol consistently gave excellent positives, but they were 
covered with a very disagreeable pink stain. This renders 
the resultant positive useless for either a lantern slide or a 
transparency. Eikonogen gives too uniform a deposit in the 
shadows with a flat positive resulting. Occasionally pyro- 
gallol would give a deposit of fair merit, yet the manipulation 
involved is disagreeable and tiring. 
Of the six “reducing” agents examined it would seem that 
either metol or hydroquinone is best adapted to the process. 
The chief differences between the various “reducers ” could be 
classified under staining power, color of deposit, and ease of 
manipulation. 
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There were some features which were common to the six 
systems. In  each case a small increase in the amount of thio- 
carbamide caused a rapid fogging of the plate, while a decrease 
in the concentration of thiocarbamide always yielded positives 
badly masked in the high lights by a thin negative. An in- 
crease in the concentration of carbonate always led to the 
production of a very dense blue positive with an excessive 
amount of negative in the high lights. A decrease in car- 
bonate yielded anything from yellow and red stained positives 
to a thin negative. It was very interesting to note that, 
commencing with an excess of carbonate, a continued de- 
crease of this substance in any series always caused the re- 
sultant color effect to pass through the yellowish brown, to 
the yellow, and then to pink and red. A very meager ex- 
amination of these plates would indicate that there is a wide 
difference in the size of the particles. The red deposits were 
so small that an ordinary laboratory microscope was useless 
in the examination, while the blue deposits could be observed 
with ease. 
Too small a quantity of the “reducers” yielded fogged 
plates, while an excess always gave for the most part a nega- 
tive. The sulphite in each case could be varied through a 
much wider range than the other constituents. Too small 
or too large amounts always resulted in the production of 
positives masked in the high lights with a negative. 
When the quantity of water was too small, or in other 
words, when the total concentration was increased, a negative 
resulted. With too great dilution a fogged plate was obtained. 
The effect of temperature seemed to be very nearly the same 
in all cases. Too low a temperature of development always 
retarded the formation of the positive, with a negative as the 
result, while an excessive temperature produced a badly 
fogged plate. 
It would thus seem as if the r61e of the “reducer” was 
chiefly in the slight reduction of the latent image, and that 
the formation of the positive was independent of any one 
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Lllyl thio- 
arbamide 
._ 
0.0014 
0.0018 
0.0023 
0.0027 
0.0037 
0 .0055  
particular type of “reducer.” It is most certain that the 
presence of the “reducer” has some effect upon the color 
of the positive deposit, yet this influence might be one due 
to the nature of the medium. 
Since the previous study had led us to believe that one 
of the essentials for the production of positives was the pres- 
ence of some solvent for the unexposed silver halide complex, 
it seemed important to study the effect of various substituted 
thiocarbamides. A long series of experiments were conducted 
very similar to those which led to the acceptance of the data 
presented in Table I, with the exception that allyl thiocarb- 
amide was substituted for the simple thiocarbamide. Again 
a very interesting set of results was obtained. The best data 
are presented in Table 11. 
Exposure in seconds 8 
Voltage across tungsten lamp 2.5 
Time of development 
Sodium sulphite 0.234 grams per square inch of 
Water 9.3 grams per square inch of 
Concentration of constituents expressed in grams per 
TABLE I1 
2-2 ‘/z minutes 
Temperature 20-21° c 
surface 
surface 
square inch of plate surface. 
‘:Zzm 
bonate 
0.011 
0.042 
0.033 
0.022 
~ 
0.052 
0.052 
Reducer 
Hydroquinone I 0.034 
Ortol l 0.041 
Metol 0.032 
Amidol c .004 
.~ 
Pyrogallol 1 0.022 
Eikonogen ~ 0.074 
Color of deposit 
Red 
Purple-brown 
Yellow with stain 
Reddish brown 
Blue-black with stain 
Bluish purple 
Not only was it evident that the “reducer” has a great 
influence upon the color of the positive deposit, but it was 
equally true that the thiocarbamide compound was of still 
greater importance. 
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From the viewpoint of ease of manipulation, it can be 
stated that after using allyl thiocarbamide any one familiar 
with the control of the simple thiocarbamide would forever 
dread to return to the use of the simple salt. A much wider 
range of variation of the constituents of the developer was 
afforded with the use of allyl thiocarbamide than with the 
simple substance. An extremely slight variation of the con- 
centration of thiocarbamide was always sure to yield an ex- 
ceedingly poor positive, irrespective of the type of “ reducer.” 
In  every case where the allyl compound was used it gave far 
superior control to the corresponding thiocarbamide results of 
Table I. 
The observation had been made in a few cases of Table I 
that the positive deposit altered in color as it dried. In 
Table I1 this fact became more evident. After washing the 
plate from the development with allyl thiocarbamide and 
hydroquinone and fixing, the color of the deposit was some- 
what of a yellowish brown. When dried the deposit was red. 
In the case of allyl thiocarbamide and metol the deposit was 
deep red when wet, and it dried to a reddish brown. With 
allyl thiocarbamide and eikonogen the wet deposit was nearly 
black, while it dried to a most beautiful bluish purple. This 
color change was practically always the same, whether a rapid 
or a slow drying was utilized, or whether the plate dried in the 
dark or in bright light. 
Another manipulative difference between the simple 
substance and the allyl thiocarbamide was in the susceptibility 
to surface stains. With thiocarbamide an uneven immersion 
in the developer, or a failure to keep the developer in constant 
motion, always resulted in spotted and irregular stains. This 
particular feature seemed to be practically absent in the 
work which resulted in the data of Table 11. In either table 
the emulsion side of the plate could not be handled with moist 
fingers before or after exposing without the fact being in great 
evidence. 
As in the data of Table I we found the control of the 
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pyrogallol and allyl thiocarbamide developer rather un- 
pleasant. It was interesting to note that every possible 
combination yielded yellow stained plates. The use of amidol 
and allyl thiocarbamide produced stained inferior plates. 
The use of allyl thiocarbamide with either hydroquinone, 
metol, or eikonogen was nearly all that could be desired. 
There was but little danger of the masking negative which was 
so much in evidence with the working of the simple sub- 
stance. 
The direct production of transparencies of a red color or 
of a bluish purple can be controlled most readily by the use 
of either the hydroquinone, or the eikonogen and allyl thio- 
carbamide developer as given in Table 11. 
Again, as in Table I, we found many features in common 
to all of the systems thus far studied. The effect of an excess 
or too small quantity of the “reducer,‘” sodium carbonate, 
sodium sulphite, the thiocarbamide compound, or water was 
perfectly analogous to that observed and given in the previous 
consideration of Table I. As has been noted, there was a 
greater opportunity for variation of the constituents in the 
use of allyl thiocarbamide developers, yet an excessive varia- 
tion gave the same final results as in the systems of Table I. 
Since the influence of the allyl thiocarbamide had been a 
factor towards improvement, it seemed of interest to learn 
something concerning the effect of the ethyl compound. 
Another endless series of experiments similar to those which 
led to the data of Tables I and I1 was undertaken. The best 
final data are given in Table 111. 
TABLE I11 
Exposure in seconds 8 
Voltage across tungsten lamp 2 . 5  
Time of development 
Temperature 2c-21° c 
Sodium sulphite 0.234 gram per square inch of 
Water 9 . 3  grams per square inch of 
2-2 ‘/z minutes 
surface 
surface 
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Concentration of constituents expressed in grams per 
~ _ _ _  
Ethyl 
thiocarb- 
amide 
square inch of plate surface. 
Sodium 
car- 
bonate 
I I Reducer 
Hydroquinone 
Ortol 
Metol 
Amidol 
Pyrogallol 
Eikonogen 
0.034 
0.041 
0.032 
0.004 
0.074 
0.022 
0.0116 
0.0116 
0.0069 
0.0037 
0.0046 
0,0069 
0.037 
0.077 
0.100 
0.100 
0.033 
0.026 
Color of deposit 
Reddish purple 
Blue-brown 
Red with red stain 
Red 
Blue-bIack with pink 
Blue 
stain 
The use of ethyl thiocarbamide in the production of direct 
photographic positives is exceedingly similar to that of the 
allyl compound. Hydroquinone, metol, and eikonogen de- 
velopers work exceedingly well. The ethyl compound per- 
mits even greater range of variation than the allyl thio- 
carbamide. Amidol gives badly stained plates, while pyro- 
gallol gives a beautiful positive deposit of a red color, yet a red 
stain makes it almost useless. Ortol gives a positive of fair 
quality. The metol-ethyl thiocarbamide developer of Table 
I11 gives exceedingly fine positives. With this particular 
developer only a mere trace of a negative is produced, and the 
masking action is negligible. The differences between the 
action of ethyl thiocarbamide and thiocarbamide are prac- 
tically the same as those between allyl thiocarbamide and the 
simple substance. Since the same description applies to this 
series as to that of Table 11, it seems unnecessary to repeat 
it in full. 
The important facts dealing with the data of Table I11 
are that the ethyl thiocarbamide yields a positive deposit of 
different colors from either of the corresponding series with 
thiocarbamide and allyl thiocarbamide. The data on the in- 
fluence of the other constituents of the developers are per- 
fectly analogous to that of the thiocarbamide and the allyl 
compound. The manipulation is far easier than that of the 
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thiocarbamide developer. The colors of some of the positive 
deposits altered during drying. 
It seemed advisable to make another series using tetra 
thiocarbamide ammonium bromide in place of the thio- 
carbamide. Frary' has suggested the usefulness of this de- 
veloper under the right conditions. The best data are given 
in Table IV. 
TABLE IV 
Exposure in seconds 8 
Voltage across tungsten lamp 2.5 
Time of development 
Temperature 20-21° c 
Sodium sulphite 0.234 gram per square inch of 
Water 9 . 3 '  grams per square inch of 
Concentration of constituents expressed in grams per 
r 
2-2 l / Z  minutes 
surface 
surface 
square inch of plate surface. 
-~ 
Hydroquinone 
Ortol 
Pyrogallol 
Metol 
Amidol 
Eikonogen 
Reducer 
0.034 
0.041 
0.032 
0.004 
0.074 
0.022 
The data of Table 
trnrnonium 'Odium Color of deposit 
Cetra thio- 
bromide i i  sulphite 
1-1 
0.0011 
0.0054 
0.0046 
0.0032 
0.0018 
0.0012 
0.30 
0.078 
0.068 
0.205 
0 .033  
0,089 
Sepia-brown 
Yellowish brown 
Blue 
Blue-black 
Black with pink stain 
Blue-black 
IV represents the results of a great 
many experiments. The tetra thiocarbamide ammonium 
bromide bears an exceedingly close analogy to the simple 
thiocarbamide. With but few exceptions the colors for the 
best of each member of the series as given in Table IV were 
decidedly similar to those given in Table I. This compound 
is fully as difficult to manipulate as the simple salt. In view 
of the results obtained with the allyl and ethyl compounds, the 
bad features of the tetra thiocarbamide ammonium bromide 
1 Frary: Jour. Phys. Chem., 17, 33 (1913). 
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developers would not give it application in the production of 
transparencies. 
The same results were obtained with this compound as 
with the thiocarbamide under the influence of varying con- 
centrations of the other constituents of the developer. Hydro- 
quinone and metol gave the %est readily controlled results. 
The deposit with amidol was of fair quality and the best of 
any of the amidol series. 
There are twenty-four different types of developers con- 
sidered in the first four tables of this article, and each developer 
is capable of giving a positive of a more or less good quality 
under the conditions as outlined. There is a very wide range 
of colors in the resultant positives. The reds and blues 
predominate. It is interesting to note that all of the hydro- 
quinone series gave sepia-brown to red coloration, all of the 
eikonogen series gave some shade of blue, the ortol series gave 
colors ranging from yellowish brown to a bluish black, the 
amidol deposits were chiefly black, covered with a pink stain, 
while pyrogallol yielded all sorts of colors from red, through the 
yellows, to a blue. 
In all cases the influence of the “reducer” upon the for- 
mation of the positive seemed to be the same. The function 
of the thiocarbamide is an important one, while the influence 
of the carbonate is nearly as great. 
All of our data pointed to the fact that the chief r6les 
of the “reducer” and sodium sulphite were in developing the 
latent image. In all cases the formation of the final positive 
passed through the same stages. After a few seconds develop- 
ment, a thin negative always seemed to appear; this came, 
on an average, after 15-20 seconds immersion; after this, the 
plate passed through a stage of thin fogging, and then came the 
building up of the positive deposit; the commencement of the 
formation of the positive is between 45 seconds and I ’ / ~  
minutes after immersion. 
The allyl thiocarbamide-hydroquinone and the allyl 
thiocarbamide-eikonogen developers of Table 11, the ethyl 
The pink stain is the drawback. 
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1 Reducer 
Hydroquinone I 0 .  o I g 
Eikonogen 0.074 
Pyrogallol 0.022 
thiocarbamide-metol and the ethyl thiocarbamide-eikonogen 
developers of Table I11 showed but minimum traces of a 
negative during the development. In the case of the ethyl 
thiocarbamide-metol developer of Table 111, it  seemed as if 
the positive image was the only one to develop. These four 
types of developers would seem to be applicable to the pro- 
duction of blue or red transparencies with good success. 
The effect of sodium sulphite seemed to be dependent 
upon the type of “reducer” employed. In any of the series 
of the previous four tables i t  is possible to obtain positives in 
the absence of sodium sulphite. In the absence of sodium 
sulphite, an entirely different ratio of carbonate to the thio- 
carbamide must be employed in order to obtain a positive. 
The omission of sodium sulphite in the hydroquinone, pyro- 
gallol, and eikonogen series was investigated with greater 
detail than in the others. With pyrogallol-allyl thiocarbamide 
and eikonogen-allyl thiocarbamide without sulphite, a very 
good positive could be obtained of but slightly different color 
from that in the presence of sulphite. The omission of sul- 
phite in the hydroquinone-allyl thiocarbamide developer 
yielded a pure black positive with a mottled effect. This 
positive was a great deal inferior to that obtained in the 
presence of sulphite. The best concentrations employed are 
given in Table V. 
Exposure’in seconds 8 
Temperature 20-21° c 
Sodium sulphite 0 
~~ - 
~~ ~ 
TABLE V 
Voltage across tungsten lamp 2 . 5  
Water 
square inch of plate surface. 
9 . 3  grams per square inch of surface 
Concentrations of constituents expressed in grams per 
Allyl 
thiocarb- 
amide 
0.001 4 
0.0050 
0.0023 
_ _ _ ~  
0.071 
0.055 
Good, blue 
Good, yellow stained 
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0.117 
0.586 
I. 172 
. It is quite evident from the data of Table V that in the 
case of the hydroquinone-allyl thiocarbamide developer the 
influence of sulphite upon the deposition of the positive image 
is great. In the other cases the effect is practically negligible. 
In the previous paper1 we had concluded that sodium 
sulphite was essential for the production of a positive. It 
will be observed in each case in the absence of sulphite it re- 
quires a far greater amount of sodium carbonate than with 
sulphite present (see Table I1 for comparison). The reason 
for our failure to obtain positives in the first paper, in the 
absence of sulphite, was due to an insufficient quantity of 
sodium carbonate. 
Another series of experiments was made to determine the 
effect of the addition of varying quantities of sodium sulphite 
upon the allyl-thiocarbamide-hydroquinone developer of 
Table V. 
The results are given in Table VI. 
TABLE VI 
Exposure in seconds 8 
Temperature 20-21° c Voltage across tungsten lamp 2.5 
Sodium carbonate 0.067 gram per square inch of 
Water 9 . 3  grams per square inch of 
Concentrations of constituents expressed in grams per 
surface 
surface 
square inch of plate surface. 
Negative flashes up, and fogs a t  once. 
Yellow fogged positive. 
Brown less fogged positive. 
Hydro- 
quinone 
0.019 
0.019 
0.019 
0.619 
0.019 
Allyl 
thiocarb- 
amide 
0.0014 
0.0014 
0.0014 
0.0014 
0.0014 
Sodium 
sulphite Result 
The data of Table VI would indicate that possibly sodium 
1 Perley and Leighton: Jour. Phys. Chem., 17, 235 (1913). 
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sulphite has a double r6le in this particular developer. A 
portion of it aids in the formation of the positive ‘deposit. 
The variation of color from black, to yellow, and then to red 
by increasing the amounts, shows that it is an influential 
medium at least. When present in large amounts it acts as a 
very efficient restrainer for the positive. From the present 
available data upon this restraining action depends the success 
of the beautiful allyl thiocarbamide-hydroquinone developer. 
The thiocarbamide compound and the sodium carbonate 
seemed to be the important factors in the formation of the 
positive. A very close relationship between the concentra- 
tions of these two substances seemed ever to be in existence. 
It was possible to maintain the content of water, “reducer” 
and sodium sulphite at  a constant value and produce positives 
of good quality with different quantities of carbonate and 
thiocarbamide. However, unless the definite ratio of car- 
bonate to thiocarbamide as given in the preceding four tables 
was always maintained, a poor product would result. In 
other words, with all of the constituents maintained constant, 
any increase in thiocarbamide oyer that given in any of the 
four tables must be accompanied by a corresponding increase 
of carbonate. 
It seemed wise to determine whether a positive could be 
produced in the absence of carbonate and the data of Table 
VI1 were obtained. 
TABLE VI1 
Exposure in seconds 8 
Voltage across tungsten lamp 2.5 
Sodium carbonate 0 
Water 
square inch of plate surface. 
Otherwise failure will result. 
1 
Temperature 20-21° c 
9 . 3  grams per square inch of surface 
Concentrations of constituents expressed in grams per 
Result 
Hydroquinone 1 0.034 i 0.0014 0.351 1 Blurred, deep blue positive. 
Hydroquinone 0.034 1 0.0014 1 0.234 Thin negative. 
200 G. A. Perley, T .  J .  Twomey and H .  A .  Robinson 
Hydro- 
quinone 
0.034 
It was necessary to develop the best plate nearly five 
times as long as those in which the carbonate was present. 
The positive was of a very beautiful blue color, and if it  were 
not for the fact that a haze remained over the surface, a fine 
transparency could be produced by this method. The chief 
difference in the composition of the developer lies in the con- 
centration of sodium sulphite. It was observed that in the 
absence of carbonate a much larger quantity of sulphite was 
required than when carbonate was present (see data of Table 
Prom the data of Tables V, VI, and VI1 the problem be- 
came most interesting. Using allyl thiocarbamide and a 
hydroquinone developer it is possible to obtain positives in 
the absence of either the sulphite, or the carbonate. When 
one is absent a much larger amount of the other must be 
present. 
Thus, it seemed quite probable that the alkalinity of the 
carbonate or sulphite had a great influence upon the action 
of the thiocarbamides. Using the allyl thiocarbamide-hydro- 
quinone developer of Table 11, a solution of sodium hydroxide 
was substituted for the sodium carbonate, with the best 
results given in Table VIII. 
TABLE VI11 
11). 
Result Allyl thio- Sodium carbamide hydroxide 
1- 
0.0014 0.0026 1 Excellent positive of purple color. 
Exposure in seconds 8 
Voltage across tungsten lamp 2 . 5  
Time of development 2-2'/2 minutes 
Sodium sulphite 0.234 gram per square inch of 
surface 
Water 9 . 3  grams per square inch of 
surface. 
Concentration of constituents expressed in grams per 
Temperature 20-2I0 c 
square inch of plate surface. 
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The positive resulting was one of the best obtained in all 
of the experiments. It was easily controlled. The influences 
of the various constituents of the developer were perfectly 
analogous to the corresponding series of Table I1 in which 
carbonate was used. It is to be noted that-for a given content 
of hydroquinone, allyl thiocarbamide and water, in the ab- 
sence of the other two agents, it requires only a small quantity 
of sodium hydroxide, a larger amount of sodium carbonate, 
and a much greater quantity of sodium sulphite to produce 
positives of good quality. In the first part of this paper it 
was suggested that thiocarbamide acted as a better solvent 
for the unexposed silver halide complex than for the exposed 
portion, and in the presence of some of the constituents of the 
developer silver was again reduced from the dissolved portion 
of the complex. Such a theory was not in evidence in the 
beginning, yet each experiment made a step in advance 
towards accepting such a conclusion. 
Valental has determined the solubility of the silver 
halides in some of the thiocarbamides. In the case of silver 
bromide, his data show that the solubility in thiocarbamide 
is far greater than in the allyl compound. This gave us 
hope in our attempts to explain the difference in rapidity of 
action and ease of control between the thiocarbamide and the 
allyl thiocarbamide developers. 
When we undertook this work we were unable to find any 
data concerning the relative solubility of silver bromide in the 
thiocarbamides when unexposed and when exposed to light.2 
We were aware of the fact that even these data would not 
solve our problem. In dealing with a photographic emulsion, 
we have found that test tube experiments with a silver halide, 
1 Valenta: Monatsheft fur Chemie, 15, 250 (1894). 
NOTE.-After the completion of this paper it was called to our attention 
that Dr. C. E. K. Mees had worked on the thiocarbamides several years ago 
(Brit. Jour. Photography, 56, 729 (1909)). He found that the unexposed silver 
bromide is much more soluble in thiocarbamide than the exposed, since the 
solubility of silver bromide in thiocarbamide decreases very rapidly in the pres- 
ence of traces of soluble bromide. 
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precipitated in the dark, most often give analogous results 
to the same reaction when applied to the emulsion upon the 
plate; yet there are decided differences in solubility, porosity, 
etc., between silver halides precipitated in test tubes, and the 
silver halide, gelatine, and water complex of the photographic 
emulsion. 
Bancroft’ calls to our attention the fact that the unex- 
posed silver bromide of a plate is dissolved more rapidly than 
the exposed portion by such substances as sodium thiosul- 
phate, ammonium hydroxide, potassium cyanide, and ammo- 
nium bromide. 
We made the broad assumption that such a state of affairs 
existed in the case of thiocarbamides. 
If such a condition exists our data explain most readily a. 
portion of the reasons for the formation of the positives by 
thiocarbamides. The various colors, and the easy control 
of such, indicated to us the possible formation of colloidal 
silver. Unfortunately, we have not been able to study these 
deposits with sufficient accuracy to give their physical prop- 
erties. 
reducer, ” carbonate, and sulphite, 
at first serve to develop the latent image. The density of the 
resultant negative depends upon the concentration of these 
three constituents together with the degree of exposure. 
In all of our experiments a t  a constant exposure the final data 
which gave the best results, after correcting for any error due 
to the thiocarbamide, should represent the relative reducing 
power of the various so-called developers. The carbonate 
also serves to open the pores of the gelatine, and causes a 
more rapid reaction. While the reduction of the latent 
image is taking place, the dilute solution of thiocarbamide 
tends to dissolve the unexposed emulsion complex more 
rapidly than the exposed portions. The solvent action takes 
place with extreme slowness, and as rapidly as the complex 
The combination of 
Bancroft: Jour. Phys. Chem., 15, 313 (1911). 
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’is dissolved it is reduced by some substance to colloidal silver. 
’The deposition of silver upon the unexposed portions of the 
plate necessarily results, and a positive image is produced. 
From a study of our data it would seem as if something 
other than the carbonate, sulphite, or “reducer” aided in the 
formation of the positive. It will be remembered that a 
positive results in the absence of carbonate and also in the 
absence of sulphite. However, when both are absent a blank 
plate results. In the absence of a “reducer,” a heavily fogged 
plate always results. The color of this resultant plate is per- 
fectly analogous to the color of the shaded portions of the ex- 
posed plate in the corresponding series with the “reducer” 
present. The problem narrows itself down to the fact that 
not only must the thiocarbamides act as better solvents for 
the unexposed than for the exposed emulsion complex, but 
in the presence of sodium carbonate, sodium sulphite, or 
sodium hydroxide, in other words, when alkaline, it acts as a 
“reducing” agent. It seems as if the alkaline thiocarbamides 
must reduce the dissolved silver complex to silver. The colors 
,of the resultant silver would indicate that it was present in 
colloidal form. 
It was most interesting to observe how readily the re- 
sults could be checked in test tube experiments. Some 
unexposed photographic plates were immersed in the dilute 
solution (2 grams per liter) of thiocarbamide. The resultant 
solution was poured into four test tubes. To one, was added 
some of the hydroquinone solution, and nothing happened. 
To another, some of the sodium sulphite solution was added, 
and a clouding effect took place throughout the solution. 
T o  a third, sodium carbonate was added, and immediately 
a heavy dark precipitate was thrown down. It required 
several hours for this precipitate to settle. The addition of 
sodium hydroxide to a fourth gave the same results as when 
sodium carbonate was used. 
In  the case of the test tube experiments a very rapid 
precipitation occurred. This impressed us with the fact that 
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when the reaction was applied to the photographic plate 
directly, the gelatine of the emulsion must really play a fairly 
important r61e. It becomes evident that it must greatly 
impede the diffusion of the dissolved silver complex, and as a 
result, permit the reduction to take place almost at the exact 
point of solution. 
Rathke’ has observed that thiocarbamide can reduce 
metallic salts from a higher to a lower stage. He found that 
it acts upon cupric sulphate to form cuprous sulphate momen- 
tarily. It would not be amiss to believe that n our particular 
problem we had the thiocarbamide acting a double r61e. 
If our assumptions are not false, it is easy to see why 
various substituted thiocarbamides should give results of 
varying control. There must naturally be differences in solu- 
bility of the silver complex in these salts. The thiocarbamide 
which acts slowest as a solvent upon the silver emulsion 
complex, but which shows the widest distinction between the 
exposed and unexposed portions, and when alkaline, is the 
best “reducer,” will be the most applicable to the production 
of direct positives. 
It is also perfectly obvious why. various brands of plates, 
as well as different emulsions of the same brand of plate, 
should give different results. Since all of our work was carried 
out on the same emulsion of one brand of plates, it makes our 
data at least comparative. Various emulsions of the same 
grade will yield plates of different porosities. Each brand of 
plate-will have a different ratio of iodide to bromide, and, 
of course, this will give an entirely different relative solubility. 
Valenta2 has shown that the following solubility relations 
exist. 
Grams of halide per IOO grams -4g solution of concentration IO : 100 
Salt solution ~ AgBr 1 AgI ~ AgCl 
__- I- _ _  
Thiocarbamide j 1.87 1 0.79 1 0.83 
Thiosinamine 0.72 , 0.09 3.90  
Rathke: Ber. chem. Ges. Berlin, 17, 297 (1884). 
2 Valenta: Monatsheft f i i r  Chemie, 15, 250 (1894). 
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Up to the present time, we can claim that, for the partic- 
ular plate employed, our results are only comparative. 
Yet with a systematic study, such results serve admirably 
to show the real mechanism of the reaction. 
Any combination of developers should give a good positive 
in the presence of a suitable thiocarbamide, provided the 
solution is sufficiently alkaline, and the concentrations of the 
constituents are so adjusted that only a very slight negative 
will be produced during the time that it requires the thio- 
carbamide to dissolve the unexposed complex, and reduce 
it to colloidal silver. 
The thiocarbamide which will be most efficient, and the 
easiest of control, must exhibit the greatest difference in 
solubility towards exposed and unexposed silver emulsions. 
With compounds where only small differences towards solu- 
bility exist, it will be necessary to give far greater exposures, 
as under such conditions the deposition of silver would tend 
to be uniform over the whole plate. All of our data indicate 
that this is the fault with the simple thiocarbamide, as well 
as w th the tetra thiodarbamide ammonium bromide upon our 
particular brand of plate. 
Upon the basis of this theory, that “reducing” agent 
which tends to develop the high lightsmore rapidly than the 
shadows should always tend to give a better positive than the 
“reducer” which gives a more uniform development. Too 
high a concentration of “reducer” should always produce 
positives masked by excessive negative, while insufficient 
quantities of “reducer” should yield fogged plates. All of 
our data satisfy these requisites. 
A careful consideration of our data points conclusively 
to the fact that the above explanation for the production of 
positives by thiocarbamide is, a t  least, logical. If this theory 
is correct, it should be applied to other solvents of unexposed 
silver emulsions. 
Since it has been shown1 that ammonia dissolves the un- 
Bancroft: Jour. Phys. Chem., 15, 313 (1911). 
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exposed silver complex of an emulsion more rapidly than the 
exposed portions, it should be possible to produce positives 
with ammonia and a “reducing” agent. In  the light of the 
best test tube experiments upon the thiocarbamides it seemed 
possible to save time by determining what substances would 
precipitate silver from the dilute ammoniacal solutions. An 
unexposed plate was immersed in dilute ammonia. The 
resultant solution was separately treated with sodium sul- 
phite, and sodium carbonate, but no apparent action took 
place. Hydroquinone gave a yellow discoloration, while 
metol and pyrogallol gave decidedly dark discoloration. The 
experiments gave results of an entirely different appearance 
from those with carbonate and thiocarbamide. The pre- 
cipitates obtained by the thiocarbamide-carbonate reaction 
were of fair density, while in the case of the metol-ammonia 
Combination the precipitates took place slowly, and presented 
more of an appearance of a heavy fog. It seemed as if the 
presence of sulphite increased the rate of precipitation. In 
spite of the limitations noted in the experiments, it seemed best 
t o  make a few experiments. 
Kogelmannl found that a metol developer containing a 
good deal of ammonia gave positives. In  the absence of com- 
plete data we endeavored to determine how far this method 
was applicable. 
A dilute ammonia solution was prepared by diluting I O  
.cc of concentrated ammonia, sp. gr. 0.90, to a liter. 
A great many experiments were made, and very poor re- 
sults were obtained. The best data which will give positives 
of poor quality are given in Table IX. These represent 
the best data available up to the present time. It does not 
give as good results as are possible, and the study of this is 
being continued. 
1 Kogelmann: Eder’s “Handbuch der Photographie,” 5th Ed., 31, 114 
(1902); cf. Bancroft: Jour. Phys. Chem., 13, 547 (1909). 
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TABLE IX 
Exposure in seconds 8 
Voltage across tungsten lamp 2 . 5  
Time of development 5 minutes 
Water 6 . 9  grams per square inch of 
Sodium carbonate 0.150 gram per square inch of 
Concentrations of constituents expressed in grams per 
Temperature 20-21° c 
surface 
surface 
square inch of plate surface. 
Results Metal 1 Sodium 1 Sodium 1 sulphite I carbonate I 
0.0024 0.476 I 0 . 1 5 0  A poor blue-black positive. 
- - 1  - 
In this preliminary study positives were obtained in the 
absence of carbonate of nearly as good quality as those from 
the best concentration given in Table IX. 
The test tube experiments would indicate that in this 
particular type of developer the metol plays a double r61e. 
It not only serves as a “reducing” agent in the production 
of the negative, but it also reduces the dissolved unexposed 
silver complex as fast as it forms. 
A great many positives have been produced by the de- 
veloper, or a slight modification, as given in Table IX, yet 
their production is a great uncertainty. 
We have not been able to make a thorough systematic 
study of this system as yet, but it is important to note that the 
nature of the positive deposit is most analogous to those 
obtained by the thiocarbamides. 
In the absence of available data we’have briefly studied 
the production of positives by means of the amines. In this 
case, preliminary test tube experiments were made. In the 
test tube experiments the carbonate and sulphite alone were 
without any instantaneous effect. Hydroquinone gave a 
heavy discoloration, and in the presence of sulphite a distinct 
precipitation took place. 
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Methyl 1 0.0108 
Ethyl I 0. or44 
In view of these facts, and with our observations that 
positives of fair quality could be produced with ammonia 
we have made a preliminary study of this class of solvents. 
It has been possible to obtain positives of very fair quality 
by means of either methyl or ethyl amine and a hydroquinone 
developer. In these two cases, from the test tube experi- 
ments, it would seem as if the active constituents were the 
amines and hydroquinone. The best data obtained thus far 
are given in Table X. 
TABLE X 
0.0048 I 0.521 
0.0048 0.489 Thin, brown-black positive 
Poor, greenish black positives 
Exposure in seconds 8 
Voltage across tungsten lamp 2.5 
Time of development 5 minutes 
Water 9.2 grams per square inch of 
Sodium carbonate 0.118 gram per square inch of 
Concentration of constituents expressed in grams per 
Temperature 20-21° c 
surface 
surface . 
square inch of plate surface. 
, I Amine I Results Hydro- I Sodium quinone i sulphite 
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In  all of the experiments with ammonia and the amines 
it seemed as if the cause for such poor results is due to the fact 
that there is but a slight difference in the relative solubilities 
of the unexposed and of the exposed silver complex. Under 
such conditions, the manipulative control would be exceed- 
ingly difficult. 
It is very possible that some type of “reducing” agent 
other than those heretofore employed will give far superior 
results. 
A. Guebhardl found that positives could be obtained by  
developing underexposed plates, at  8’ C, very slowly, in a 
developer of the following composition: 3 grams of anhydrous 
sodium sulphite, I gram of pyrogallol, 3 grams of sodium 
carbonate in one liter of water. In this work a development 
of several hours was required. 
It seemed quite probable that he was dealing, possibly 
to a certain degree, with a phenomenon exceedingly similar 
to the action as previously outlined. In this case the sul- 
phite undoubtedly plays the r6le of solvent. Although we 
have not had time to study this type of solvent-developer 
we have obtained fogged, partial positives after ten minutes 
development, by using a much larger amount of sodium 
sulphite than given in the above Guebhard developer. The 
progress of this work has not been sufficient to warrant further 
mention. 
Prom our work with the thiocarbamides in particular, 
and with ammonia and the amines, it seems possible to be able 
to produce direct photographic positives of excellent character, 
with ease of manipulation, when the correct solvent is dis- 
covered. 
Summary 
I. A systematic study has been made of the influence of 
hydroquinone, ortol, pyrogallol, metol, amidol, and eikonogen 
in the production of direct photographic positives in combina- 
Guebhard: Eder’s “Jahrbuch der Photographie,” 19, 388 (1905). 
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tion with thiocarbamide, sodium sulphite, sodium carbonate, 
and water. 
2 .  The chief r61e of the so-called “reducer” in this type 
ofldeveloper seems to be in a slight reduction of the latent 
image in order only to create a great difference between the 
exposed, and unexposed portions of the plate. 
3. The “reducer” influences the resultant color of the 
positive deposit. 
4. Many of the positive deposits alter in color during 
drying. 
5 .  The influence of such substituted thiocarbamides as 
the allyl, ethyl, and tetra thiocarbamide ammonium bromide 
has been studied in developers containing each one of the 
above-mentioned “ reducers.” 
6. The type of thiocarbamide exerts a great influence 
upon the ease of manipulation and final quality of the positive. 
7. The allyl and ethyl compounds are greatly superior 
to  the tetra thiocarbamide ammonium bromide and the 
simple salt, when used with this particular grade of plate. 
8. Allyl thiocarbamide in combination with a hydro- 
quinone or eikonogen developer, or ethyl thiocarbamide in a 
metol or eikonogen developer, yield exceedingly fine positives. 
9. A developer maintained at 20-21 O C, of the following 
relative concentration, was found to give excellent positives : 
0.032 gram metol, 0.0037 gram ethyl thiocarbamide, 0.100 
gram sodium carbonate, 0.234 gram sodium sulphite, and 
9.3 grams of water. A red to a reddish brown positive re- 
sults. 
IO. For the average thiocarbamide developer a fairly 
close relationship between the exposure and concentration 
of the constituents of the developer must be maintained in 
order to avoid the excessive production of a negative. 
I I .  In the twenty-four different types of developers con- 
sidered, the ultimate influence of excessive amounts of each 
of the constituents was the same. The differences were . 
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merely relative, and of a variation in the color of the deposit. 
The reds and blues were the predominating colors. 
12. Sodium sulphite is not absolutely essential to the 
production of a positive by means of thiocarbamide, but it 
improves the quality of the deposit by a restraining action. 
13. A blurred positive of a beautiful color is obtained 
with an allyl thiocarbamide-hydroquinone developer in the 
absence of sodium carbonate and a much longer time is re- 
quired for its production. 
14. Sodium hydroxide can be used to good advantage in 
place of the carbonate in the allyl thiocarbamide-hydro- 
quinone developer. 
15. To account for the production of positives by thio- 
carbamide developers, the assumption has been made that the 
unexposed silver complex of the emulsion is much ,more 
soluble than the exposed portion. Thiocarbamides in alkaline 
solutions tend to reduce that portion of the soluble complex 
to colloidal silver. The resultant color depends upon the 
condition and rate of reduction. The concentration of the 
constituents of the developer must be so adjusted that the 
solvent action and reduction occur a t  the same time, and 
before an excessive negative can be developed. The gelatine 
favors this action by preventing hasty diffusion, while the 
carbonate presumably aids in opening up the pores of the 
gelatine, and dense positives result. 
16. All of our data point to the correctness of the above 
assump tion. 
17. The most efficient thiocarbamide compound will be 
that in which the greatest difference in solubility of the un- 
exposed silver emulsion and the exposed portion is in evi- 
dence. 
18. This principle applies to the production of direct 
positives by means of an ammonia-metol developer, as well 
as by a methyl or ethyl amine-hydroquinone developer. 
Positives of fair quality were obtained with each of these 
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combinations. These developers presented difficult manip- 
ulation. 
19. Some substance must exist which readily dissolves the 
unexposed silver emulsion, and which is without influence 
upon the exposed emulsion. A “reducer” will be found 
which will yield a good deposit of silver under these condi- 
tions, without a preliminary production of a negative. Ethyl 
thiocarbamide and rnetol developer is a step in this direction. 
When the right combination is found direct positives can be 
produced without the least manipulative trouble. 
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